A s highlighted in a report from the Institute of Medicine (IOM), sleep deprivation has reached epidemic proportions in the United States (Colton & Altevogt, 2006) . Lifestyle behaviors and sleep disorders restrict sleep quantity and affect the quality of sleep. Sleep restriction and sleep disorders can produce similar negative consequences. Sleep deprivation has been associated with poor psychomotor performance, forgetfulness, poor decision making, slowed reaction time, irritability, periods of micro-sleep, ineffective communication, and lethargy (Baker, Lamb, Grabowski, & Rebok, 2001; Billings & Reynard, 1984; Gillis, Li, & Baker, 2001; Helmreich, 2000; Li, Baker, Lamb, Grabowski, & Rebok, 2002; Miltner, Miller, Lipstiz, Walsh, & Wylie, 1997; Rosekind et al., 1996a Rosekind et al., , 1996b Sexton, Thomas, & Helmreich, 2000; Weinger & Ancoli-Israel, 2002) . These problem behaviors can negatively affect worker performance.
The IOM report (Colton & Altevogt, 2006) suggests that a significant number of workers may be sleep deprived and at risk for errors on the job. Studies have documented the association between sleep deprivation and errors among workers in the aviation industry Gillis et al., 2001; Helmreich, 2000) . In addition, the influence of sleep deprivation on performance has been examined among other workers, including long-haul truck drivers, physicians, and anesthesiologists (Howard et al., 2003; Miltner et al., 1997; Smith-Coggins, Rosekind, Buccino, Dinges, & Moser, 1997) .
The magnitude of errors and the impact of errors on health care has become a national concern (Colton & Altevogt, 2006) . Of the approximately 2.9 million nurses in the United States, 83% work in hospitals (Center for Nursing Advocacy, 2004) . Nurses need optimal alertness and psychomotor ability to perform their duties. As described in the IOM report (Colton & Altevogt, 2006) , the current culture supports a lifestyle that does not encourage optimal hours of sleep. Although it is generally well-known in nursing, researchers are compiling empirical evidence
researCh abstraCt
This study examined how sleep deprivation influenced psychomotor performance of nurses who worked the night shift. Psychomotor performance was measured with the d2 Test of Attention, which quantifies attention, concentration, processing speed, and quality of performance. A sample of 289 licensed nurses was tested with the instrument. Fifty-six percent of the sample was sleep deprived. Mean psychomotor performance scores (26.6 for men and 11.4 for women) were above the normative means (44.4 for men and 41.03 for women). A significant (p < .0001) inverse relationship was found between psychomotor performance and hours of sleep. Nurses reported more hours of sleep on a general selfreport sleep item than in a sleep diary.
that night-shift nurses are particularly predisposed to sleep deprivation (Gold et al., 1992; Scott, 2000) .
This study was designed to examine the sleep habits of nurses who consistently worked night shifts and to quantify their psychomotor performance in the workplace under usual work conditions. Features of psychomotor performance were measured using the d2 Test of Attention (Ackerman & Clark, 1998) to quantify attention, concentration, processing speed, and quality of performance (Brickenkamp & Zillmer, 2003) .
METHODOLOGY
A nonexperimental correlational design was used. Nurses who were employed full-time (40 hours per week; 8-, 10-, or 12-hour shifts) in hospital settings were recruited. The study was reviewed by a university Institutional Review Board for Human Study (IRB), and consent for participation in the study was obtained from eligible volunteers. The participants were required to have at least 1 year of work experience in the hospital setting (Scott, 2000) and were excluded if they had an existing sleep disorder diagnosis. Three hospitals provided access to participants: 13.84% of the sample was recruited from hospital A, 39.79% from B, and 46.37% from C. Hospitals A, B, and C required anonymity before participating in the study. A total of 289 surveys from qualified participants were used for analysis. As depicted in Table 1 , the sample was predominately female (82.33%) and White (75.09%). Most of the respondents (97.27%) worked 12-hour night shifts that started at 7:00 p.m.
Two thirds of the nurses (74.7%) who participated had worked on their units more than 5 years, and almost half (49.6%) of the nurses had worked the night shift more than 4 years ( Table 2) . Table 3 reports hypothesis testing. Hospitals and participants were given identification numbers and all data collected were assigned a case/ code number. Permission to recruit nurses was obtained from hospital administrators and from the institution's IRB prior to data collection. Participants were recruited through flyers, announcements, and posters. After gaining consent, a packet of information containing the demographic data sheet and the d2 Test of Attention was given to volunteer participants between 12 midnight and 4:00 a.m., 5 to 9 hours into the assigned shift. The d2 is a timed test and therefore was administered prior to other instruments while the investigator monitored the time. Once all instruments were completed, they were returned in an envelope to the investigator and placed in a locked file.
Measurements and Instrumentation
Items on the demographic questionnaire measured the shift, years of experience, and years working the night shift. Sleep deprivation was measured by a 48-hour sleep recall diary and one questionnaire item asking participants to report the number of hours they needed to feel rested. If the number of hours of continuous sleep reported in the sleep diary for 24 hours was less than the number of hours of continuous sleep a nurse reported needing in a 24-hour period to feel rested, then the nurse was considered sleep deprived.
Psychomotor performance was measured by the d2 Test of Attention (Ackerman & Clark, 1998) . The d2 is a 1-page, paper-and-pencil test consisting of 14 lines of letters, including target and distracter letters, and taking approximately 8 minutes to complete. The overall global score is calculated by counting the errors of commission and the errors of omission and then adding the errors together to reveal a total number of errors. The higher the number of errors, the worse the performance score. Coefficient alpha values from 0.84 and above have been reported (Ackerman & Clark, 1998; Brickenkamp & Zillmer, 2003) . Reliability of the d2 was measured with split half and Kuder-Richardson (KR 20), with results ranging from 0.87 to 0.97 for split half and 0.94 to 0.97 for KR 20. Construct validity was assessed by factor analysis and revealed correlations that ranged from 0.47 with the Symbol Digit Modalities Test to 0.34 to 0.51 with the computerized progressive maze.
A general linear model (GLM) was used to analyze the relationship between sleep deprivation and psychomotor performance (Burns & Grove, 1997; Kleinbaum, Kupper, Muller, & Nizam, 1998; Neter, Kutner, Nachtsheim, & Wasserman, 1996) . A GLM was chosen because it best explains the relationship between the variables. In the Results section, each research question is matched with the findings. A partial F-test was used after the institutional and selected personal variables were controlled. To test conformity to linear model assumptions, independence, normality, and fit were assessed. Violations of assumption were evaluated by setting the significance level at .05, hypothesis testing about the distribution, and graphic examination; the violations were remediated using modified Levene, lack of fit, and Box-Cox transformations. To test conformity to logistic regression model assumptions, the -2 log Likelihood, Pearson chi-square, and HosmerLemeshow tests were performed.
Twenty-four-hour work settings predispose individuals to less sleep (Schroeder et al., 1998; Smith-Coggins et al., 1997) . Nurses who work in such settings need ways to achieve adequate sleep. Because patient care continues around the clock in hospitals, administrators and policy makers need to collaborate with nurses to determine ways to decrease poor performance. On-shift naps have been found to improve psychomotor performance among airline pilots (rosekind et al., 1996a) . Hospitals in New York and California have instituted naps for nurses during the night shift to help improve psychomotor performance (Akerstedt et al., 2002; Claverul, 2005) .
Applying Research to Practice

Limitations
In this study, psychomotor performance was measured only once in the field setting because of the nurses' time constraints and work responsibilities. One-time measurement may not fully reflect the extent to which psychomotor performance may be affected by sleep deprivation. The study focused on work factors that may contribute to sleep deprivation, but various social factors that may influence sleep were not examined. Additionally, self-report was used to measure sleep deprivation rather than a physiologic measurement.
RESULTS
Approximately 56% of the sample of nurses was sleep deprived. The mean hours of sleep for sleep-deprived nurses was 3.9 (SD = 2.14). Approximately 43% of the sample of nurses was not sleep deprived. The mean hours of sleep for non-sleep-deprived nurses was 6.78 (SD = 2). The hospitals were similar in the distribution of sleep-deprived nurses and non-sleep-deprived nurses. Research Question 1: Would sleep-deprived nurses have lower mean psychomotor performance than nurses who were not sleep deprived, controlling for years of nursing experience, length of time on the night shift, length of time on the unit, and ethnicity? Because of the distribution of psychomotor variable values, a log transformation was applied. The overall model for testing hypothesis 1 was statistically significant (F = 10.03; df = 2, 284; p < .0001). Least square mean (LSM) for psychomotor performance was similar between sleep-deprived nurses (LSM = 1.497) and non-sleep-deprived nurses (LSM =1.430; p = .2004) (Table 3) .
Research Question 2: Is there an inverse relationship between psychomotor performance and hours of sleep, controlling for years of nursing experience, length of time on the night shift, length of time on the unit, and ethnicity? A log transformation was required because of psychomotor performance distribution. The overall model for hours of sleep was statistically significant (F = 12.19; df = 2, 284; p < .0001), with 8% of the variance explained. A statistically significant (p = .018) inverse relationship existed between hours of sleep and psychomotor performance, after controlling for ethnicity. It was concluded that nurses with fewer hours of sleep tended to have higher performance scores, which indicated worse psychomotor performance (Table 4) . Research Question 3: Is there an inverse relationship between the percent of optimal sleep hours and psychomotor performance, controlling for years of nursing experience, length of time on the night shift, length of time on the unit, and ethnicity? A log transformation was applied to the psychomotor error variable because of non-normality of its distribution. The overall GLM testing for psychomotor performance was statistically significant (F = 11.92; df = 2, 278; p < .0001). Nonsignificant covariates were removed from the GLM, leaving ethnicity as the only covariate in the model. A statistically significant (p = .042) inverse relationship was found between percent of optimal sleep and psychomotor performance, after controlling for ethnicity (Table 5) .
DISCUSSION
More than half (56%) of this sample was sleep deprived. The majority (75.93%) of the sleep-deprived nurses slept 5 hours or less in a 24-hour period. Earlier studies reported that sleep restrictions of 5 hours result in decrements in psychomotor performance (Bonnet, 2000; Bonnet & Arand, 2003) , indicating that nurses in this sample received less than optimal sleep to maintain optimal psychomotor performance. In addition, the majority (70.4%) of non-sleep-deprived nurses slept 7 hours or less in a 24-hour period. The non-sleep-deprived nurses reported that they needed the same amount of sleep they actually slept in a 24-hour period or they reported that they slept more than they needed to feel rested. The reader should consider that these nurses may have been chronically sleep deprived and therefore may have been underestimating the amount of sleep they actually needed to feel rested.
Psychomotor performance scores were poor for both the sleep-deprived and the non-sleep-deprived groups, contrasting findings from prior studies (Carskadon & Dement, 2000; Dinges & Kribbs, 1991) . Poor psychomotor performance scores for sleep-deprived and non-sleepdeprived nurses could indicate that working the night shift predisposes nurses to conditions that result in poor psychomotor performance regardless of whether they are sleep deprived. This finding supports the notion that hu- mans who work in 24-hour settings experience unique physiological changes that result in decrements of psychomotor performance (Rosekind et al., 1996b) . In addition, poor psychomotor performance among night-shift nurses is consistent with the knowledge that sleep is an active state of being and influences synaptic and neuronal activity (Carskadon & Dement, 2000; Dement, 1998; Krueger & Obal, 2002) . Because sleep enhances synaptic transfer of chemicals, events (sleep loss or sleep excess) that influence sleep will alter this transfer of chemicals and therefore alter the function of the brain (Krueger & Obal, 2002) . In this study, all nurses worked the night shift, and the influence of the night shift on sleep and diurnal pattern may have resulted in impaired psychomotor performance scores for both groups. Limited psychomotor performance is indicative of poor brain function and is reflected in poor scores on the d2 Test of Attention.
At any given time during the shift, attention and concentration are needed to transcribe orders, use the computer system, chart, administer medication, or perform stat procedures or a code. Nurses may be called on to use visual discrimination when passing medications, processing physician orders, or performing procedures; therefore, high levels of performance are required. These skills are essential for nurses to function safely during their shift. With psychomotor performance jeopardized because of sleep deprivation, nurses on the night shift may not perform at peak levels unless changes are made in the way nurses work at night.
An inverse relationship between psychomotor performance and hours of sleep was supported by the statistical significance of hypothesis 2, indicating poorer performance. As the hours of sleep decreased, the psychomotor performance score increased. Compared to prior studies with other occupational groups (Howard et al., 2003; Weinger & Ancoli-Israel, 2002) , worse decrements in performance were found among nurses in this study with less sleep (Dinges & Kribbs, 1991) . The current study established this relationship among study nurses while they worked on hospital units. Although the setting and the instruments of psychomotor performance differed from those of laboratory studies, the outcome supports the notion that sleep deprivation, whether in the laboratory where sleep is experimentally restricted or in the workplace where sleep is self-restricted, leads to nurses' experiencing worsening performance scores. Years of nursing experience, years of time on the night shift, and years worked on the unit had little influence on psychomotor performance.
IMPLICATIONS FOR PRACTICE
Mean psychomotor performance did not differ between the sleep-deprived and the non-sleep-deprived groups. For both groups, the mean psychomotor performance scores or errors on the d2 Test of Attention were above the normative means. This may have implications for the way in which night nurses work. For example, it may be necessary for nurse administrators and hospital employee health nurses to evaluate how staff nurses work at night and devise interventions to assist nurses with sleep during off hours. Nurses' self-reported sleep-or non-sleep-deprivation states could reflect nurses' chronic sleep deprivation and their inability to identify the influence of sleep deprivation on their ability to perform optimally.
Twenty-four-hour work settings predispose individuals to less sleep (Schroeder, Rosa, & Witt, 1998; Smith-Coggins et al., 1997) . Nurses who work in 24-hour settings may not receive recovery sleep between shifts. Because patient care continues around the clock in the hospital, it is important for administrators, policy makers, and employee health nurses to collaborate with nurses to identify methods for decreasing the negative influence of sleep deprivation on nurses who are responsible for patient care. An on-shift nap has been found to improve psychomotor performance of airline pilots (Rosekind et al., 1996a) . Hospitals in New York and California have instituted naps for nurses during the night shift to improve psychomotor performance (Akerstedt, Fredlund, Gillberg, & Jansson, 2002; Claverul, 2005) . Instituting a nap for night-shift workers could maintain optimal brain function and thus improve psychomotor performance. Improved sleep enhances psychomotor performance and brain function and therefore could potentially improve patient safety.
Nurses are not routinely educated about the importance of adequate quality sleep for themselves and how inadequate sleep can impact patient safety. Sleep hygiene and factors that disrupt sleep could be incorporated into an educational program. Without enough sleep, cognitive ability is not restored and could potentially contribute to errors that occur in the hospital and threaten patient safety. An emphasis on improved sleep quality could contribute to decreasing sleep deprivation and increasing psychomotor performance among nurses.
Other factors were measured that may potentially contribute to nurses' inability to gain adequate sleep. A little more than 21% of the sample was either caring for an aged parent or other sick adult or had a second job. Approximately 40% of the sample reported having difficulty staying awake while driving home after their shifts in the morning. This finding places nurses at risk for automobile accidents (Sateia, 2005) . Nurses returning home after a 12-hour shift have caused deadly accidents (Ford, 2007) ; driving home sleepy can be a public safety hazard. Sleep deprivation is hazardous to pedestrians, and less sleep can potentially be life-threatening to nurses and can influence their health and wellness (Knutsson, 2003) . The importance of identifying factors contributing to sleep deprivation and establishing countermeasures should not be underestimated.
Each hypothesis used the length of time on the night shift as a covariate. Sleep deprivation was related to performance regardless of years on the night shift. It is interesting that 97.7% of the sample worked a 7 p.m. to 7 a.m. night shift. Only 2.39% worked a 10-hour shift and only 0.34% worked an 8-hour shift. Only 10.53% of the sample rotated shifts.
Occupational health nurses can initiate educational or training programs encouraging adequate sleep among nurses. Occupational health nurses can investigate and address issues that impact nursing practice, including sleep deprivation and poor psychomotor performance. Although it is improbable that shift work will change, it is possible that the way a shift is worked could change (Fitzpatrick, White, & Roberts, 1999) . As stated earlier, other industries have made changes to improve safety (Helmreich, 2000; Rosekind, 2005) . These changes have resulted in lives saved. Occupational health nurses consistently seek ways to increase safety, improve working conditions, and prevent injury (Brown et al., 2005) . Sleep deprivation negatively influences psychomotor performance in that it increases the likelihood of injury and therefore decreases safety. Occupational health nurses can develop interventions that decrease errors while working. Nurse administrators should collaborate with occupational health nurses to consider instituting naps for night-shift workers to maintain optimal brain function and thus improve psychomotor performance (Kohn, Corrigan, & Donaldson, 1999; Sexton et al., 2000; Weinger & Ancoli-Israel, 2002) . Improved sleep enhances psychomotor performance and brain function and therefore could potentially improve patient safety (Howard et al., 2003; Sauter et al., 2002) .
RECOMMENDATIONS FOR FUTURE RESEARCH
In future studies, researchers could use physiological methods to measure sleep hours among workers. Physiologic methods such as wrist actigraphy and portable polysomnography offer more accurate measures of sleep and psychomotor performance than self-report. Wrist actigraphy is a less expensive and feasible alternative to the gold standard, polysomnography. However, as technology improves and portable polysomnography becomes more feasible, its use may be practical.
The psychomotor performance measure used in this study was a timed letter recognition test. An alternative psychomotor performance measure such as the performance vigilance test could be employed in the work setting to determine if similar results are found. Other factors (e.g., workload, stress, and the presence of disease) may contribute to poor psychomotor performance and could be included in future research.
Sleep deprivation is not the only human factor that influences psychomotor performance. Physical agility, visual acuity, dexterity, menopause, and metabolic illness could be evaluated to assess their influence on psychomotor performance. Workload and stress level vary based on the acuity of patients and the type of nursing unit. In a future study, differences in performance among sleepdeprived nurses who work on low-acuity units and those who work on high-acuity units could be investigated. Rotating shifts have been shown to contribute to decrements in performance; therefore, the relationship between rotating shifts and psychomotor performance should also be examined. The length of shift limits the amount of sleep time available after nurses return home (Scott, 2000; Tucker, Barton, & Folkard, 1996) . It may be important to examine the influence of length of shift on nurses' ability to sleep adequately.
Armed with the knowledge that sleep deprivation influences psychomotor performance, researchers could test hospital-based interventions such as brief mid-shift naps. To improve patient and employee safety, work factors (i.e., length of shifts) contributing to sleep deprivation should be identified and managed. Although identifying causative factors is an arduous undertaking, the effort could reduce the impact of sleep deprivation on psychomotor performance and improve patient safety.
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